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2. US Embassy (Moscow)
Employee bio-damage
(thermal and athermal)
Hazard at: 0.1 - 15fLW/c:m2
(Source: X-rayed Without
Consent; Bert Dumpe; 1989
per Dept. ofState records)
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VDT STUDIES-UNITED STATES AND CANADA

Many investigations have been conducted to determine the cause of VOT

user trauma. Studies in at least six countries were original (the United
States, Canada, Spain, Norway, Sweden, and Finlancl). The conclusions in

the other several hundred investigations were essentially based on hear­
say. Nevertheless VDT experts refer to the overall work as "scientific

data."

The National Institute of Occupational Safety and Health, which
monitors the welfare of people In offices, examined at least 19

computerized workplaces since 1975. To date, the agency's conclusions
have not deviated from their first opinions in which NIOSH stated:

1. VDTs are harmless.

2. Emissions are too low to measure, and are therefore welt with-

In humu tolerance.
3. Usereomplainta are imaatnary•

4. Stress is due to poor posture and 30b dlaat\sfaetlon.
S. An eqonomlcally treated environment will ellmlnate user

complaints. .

6. Concern is unwarranted.

])eaplte the assurances of NIOSH and otbel' respmslble parties, VDT user

complaints peralst and escalate. The maladies people deIcrlbe resemble

those associated with radiation sickness. Physicians have not recognized

this.

The wort of American and Canadian investtptorl is summarized In
this chapter. Some conclusions were referenced by experts at the 1981

and 1984 COIlII'esslonal VDT hearings. Most studies reported here and in

clJapter 6 were overlooked.
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4-1 NONIONIZING RADIATION

One of the earliest indications scientists and physicians had that non­

ionizing radiation induces biological damage was In the American

Embassy in Moscow. Since 1953 the embassy was the target of microwave

illumination from a Soviet transmitter. Employees developed unusual
symptoms and diseases; some died. The Department of State (DOS)

requested a faclUty and medical investigation.

t
j
I

DOSFACIUTY

The National Telecommunications and Information Administration (NTIA)

responded to the DOS by commissioning Johns Hopkins University to

perform a facUlty study. The Applied Physics Laboratory (APL), a cll­

vision of the university, analyzed microwave measurements taken by DOS

personnel over a 25-year period. A summary of the evaluation follows.

The IG-ltory embusy bulldlq was the tareet of Utumtaation from a
Soviet microwave transmitter fer 2S yean. Throuahout the period,
the distance of the radiation source wu approximately 100 meters
west, eut, and south of the bul1din&. _

The t11umlnatton of the Chancery Is divided tnto two periods. The
first 12 years (1953 to May 26, 1915) wu liven the code name
TUNS. The second period (May 28, 1975 to February 1917). MUTS,
was divided into two phases: NUTS-I and MUTS-2.

TUMS. Durina thla period there was a sln&1e source of tDum'natioD.
The microwave beam radiated from a Soviet apartment house about
100 meters west of the .Chancery. The hiJbeIt racBattoll levels
measured were within 2 feet of doors and windows on the west wall.
The averaae maximum exposure was 5 mlcrowatts per square cen­
timeter.

MOTS-I. Microwave energy was hfgh 'for 8 months. Beams were
directed from the eut and south. The average maximum exposure
was 15 microwatts per square centimeter.

DurIn.I part of MOTS-I (July 1975 to January 1976). microwave
transmission orl&tnated from two sources: (1) the roof of an
apartment building 80 meters east of the Chancery. and (2) an office
building nearly 80 meters south. The east facade of the Chancery
had many windows. The south had windows in rooms 901 and 1001.
and the stairway on the 8th and 9th floors.
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From 2,4 to 31 July 1975, room 901 had an average radiation level of
9.0 microwatts per square centimeter throughout the area. Micro­
waves were focused sharply on the upper floors. The highest
radiation levels recorded were in offices in the east side at the
center of the building. The intensities increased toward the
southeast rooftop comer, above room 1001.

The highest reading inside the building during MUT5-1 was within 2
feet of the window in room 1001. The signal strength on the rooftop
on January 24, 1976 was recorded at 24 microwatts per square cen­
timeter.

MUT5-2. Around November 197S the energy of the Soviet trans­
mitter, on the rooftop of the apartment buildina (100 meters east),
suddenly dropped to 2 microwatts per square centimeter. Screens
were installed on windows on February 6, 1976. The lowest energy
was recorded from this date through February 1, 1977.

The microwave signal, transmitted from the south and east, pro­
duced an averaae maximum exposure that measured a fraction of a
microwatt (less than 0.1 microwatt per square centimeter).

Tbere wu an area (region 2) where the reacltna wu only 0.75
microwatt per square centimeter. Sinal. tndIviduals in the south
wing were exposed to less than 0.1 mierowatt per square centimeter.

In the subsequent ·bloloJical study perf'ormecl by Lillenfetd, the
people exposed to fractions of a microwatt were crouPed amolll the un­
exposed. Those workinl In shielded areas were atao placed In that

cateaory. This is tantamount to sayins that osteoaenesis equipment does

not affect bone tissue because itl ener&Y Is too low.

CGaclU1lon. A. comptete a model .. poulble wu developed from
tbe data recorded by DOS penonnel. Matter iI known to ablarb
microwave ener&Y (u in microwave cookinal. However the \ncldeDce
of diaeaae (morbidity) and mortality. reported by Embassy employ­
ees. cannot be attributed to the low levels of microwaves paI8tnI
through the bullcllna.

There fa a need for authoritative biopbyltcal analysis of the micro­
wave field t1lumtnatq the Embassy. At this time, it is only poIIIble
to constder theoretical bioloatcal effects from the low frequency
microwave radiation beamed at the Chancery. Additional studies are
recommended.
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The degree of biological damage in DOS personnel would depend on

dose, time, and distance. The Soviet transmitter was consistently at a

distance 80 to 100 meters from each wall of the Chancery. Dose and time
varied. Microwaves were strongest at the rooftop and above doors and

windows which are usualty framed with metal, a highly conductive

material.

The APL and associated experts indicated that microwaves are

"opaque to masonry walls; radiation enters through door and window

openings." This may be so, but radiation can perform its work indirectly

by energizing matter. This was confirmed by Russell H Morgan, professor

of radiololY at Johns Hopkins University and Hospital (1961). Dr Morgan,

who identified the natural radioactive materials in humans and the

environment, said:

Amona the radioactive elements in roclcs and soil is uranium,
thorium, and their decay products; and potassium. The concentration
varies throulbout the earth. Because rock is frequently used u a
butldinal material, masonry is an important source of radlatlon to
which humans may be exposed.

The radiation from natural sources Is essentially pmma (approxi­
mately SO mR per year), which 11 penetratt... Radon and thoron
diffuse from the earth and bullcltn& materials. carbon, calclum,
potalldum, and iodiDe are natural constituents of the body'. 10ft
tissues and fluids. (The elements are found In the earth and In rocIc.)

Dluminatton of the Chancery'. butldtna materials must have elevated

the temperature of, and increased chemical reactions In, racBoactive

matter in wa11l of the butld1n&. The secondary eneI'IY was transmitted to

people. It eneratzed elementl In the body, which caused blololical

reactions u if their tissues were "seelD&" the enetIY source. The more

radioactive materials In the wans the greater will be the bloJollcaJ dis­

tress, even when the energy of the irradiation source Is low.

The Soviet transmitter had three microwave intensities: medium,

ht&b.low (Table 4-1). The severity of biological damap in DOS personnel

should correspond to the expaswoe phase, and correlate with the death

rate, in the 23-year period (1953-1976). The temperature In the west,

south, and east sides of the building would also Influence bloloJical

perturbance.
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Tabl.4-1 QUIlitJIDCl Effect of DOS ,acm", Euerv

AYenl'
EqKJnr. Mlcrowaye Mu:iJDum
PIa.. Iattlllltr MJcrowattl E!p!cted BIGI1!!!- ReactlOD

1.TUMS Medium S.O MaderUa,botbenome, an4
inexorable Iisauo damap.

2.MUTS·l Hip 10.2 ImmediaIead sewncf:Imap.

3.MU'1'S·2 Low 0.1102.0 Mil4.1Ubde. but inexorable
peatulbilla...•.....•........•.............•.....•.•............•...•....•••.......•.•....

DeIIhs* Males Females

1953-1960 37 3
1961-1966 4 1
1961-1971 3 5
1912-1976 -2 -Z

36 11

*Due 10 iDsaftlclent_13 deaIbs were exc1adect from die.......
'IbeW:dmI were 111....

e A change in blood quaUty alone should have been tndlcattve that

somethln& was wrona with the Embassy's' environment. Lnlenfeld exam­

ined diastolic blood pressure, and found that DOS personnel bad a hi&her
rate after their tour. They also had fewer white blood cells, and more

psychiatric problems, than the comparison group. Experts declared that

these, and other disorders were due to chance.

DOS Biological Study

Together with a team of individuals, whose expertise ranged from nursfna
to engineering, Dr Abraham LtUenfeld of Johns Hopkins University ana­

lyzed many health records of personnel stationed at the Embassy durinl

the Ulummation period. The data was compiled with an my 310/148

computer. It consumed 200~OOO, punch cards in the initial evaluation of

personnel records, and 2 to 3 times as many in the editing process.

Besides DOS employees, Individuals at the post included people from

the United States Information Agency, the Departments of Defense and
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Agriculture, and the military. For the purpose of this discussion, all

agendes at the embassy win be referred to as DOS personnel.
Lilienfeld compared the maladies of DOS personnel to those reported

at other embassies (the comparison group). His team analyzed statistics
of mortality and disease (morbidity) in male and female employees, and

dependents (spouses and children). Generally the team found: (1) more
deaths among the male population than the female; (2) a high rate of
cancer in females; and (3) a high incidence of mumps, and leukemia and

other blood disorders among children.
It is possible that DOS children did not actually have mumps, but

swollen glands (salivary) of the tongue, throat, and ears. An unexplained

outbreak of mumps was reported amoDg schoolchildren in the District of

Columbia, Maryland, DUnois, Kentucky, and other states (1988). The

glands of VDT users swell. The condition may be diagnosed as mumps.

Personnel at the embassy sensed biological perturbance, which they

suspected was caused by some abnormality in their environment; radi­

ation. They mealW"ed and monitored the diabolical agent which vibrated

at various frequencies, Includln& television and PM radio bands. Micro­

waves were streamtna tbrouBh the Chancery as they do In a microwave

~mmunicattons tower. No one believed or acknowledged that radiation

~ed the morbldlty and mortality occ:unin& at the Embassy.

In research lenDane to the problem at the Moscow Embassy Swedish

neurotostst at the Unlvenlty of Goteborg, Dr Hans-Arne Hansson (1985),

found that eleeuomalllettc radiation affects radar and microwave work-

erI.

Radar worken surfered brain damage. altered spinal fluid, frontal
lobe disorder, memory 1.011, and other neural Injury. A protein, part
of the white matter (J11al cells) that insulates nerves ·of the brain.
wu diScovered In cerebrospinal fluid of radar and microwave work­
ers. As a reau1t of altered proteins and retinal damage, two radar
workers became partially blind.

Exposure of nerVous tissue to electromaanetic fields, ranalng from
power Une to microwave emissions, may cause a wide ratIIe of
blolollcal effecta. The c:UIorders may remain silent for a period that
Juts months or years. People exposed to microwaves could be at risk
of IUStatnlne brain damage. (Sally Squires, Washington Post 1985.)
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Samples of spinal fluid were taken from DOS personnel, but they

were not scrutinized as closely as the Hansson experiments (Koslov 1985).

Had the assays been carefully studied, the LiUenfeld team might have

found abnormal protein concentrations in the cerebrospinal fluid of DOS

personnel. If they were using VDTs, the assays of the comparison group

would have been similar. VDTs and television receivers .emit microwaves
Uke those flowing through the embassy. The radiation is not as energetic

because CRT frequencies are lower. Since biological injury is cumulative,

the result of high and low energy stimulation will be the same.

In the United States, Sweden, and Russia researchers observed that

tissues heat when workers get too close to microwave antennas. Despite
reports of adverse health effects from low level microwave energy pub­

lished by Poland in 1976, the APL and LUienfeld concluded that radiation
permeating the Embassy was tolerable. A summary of LiUenfeld's

investigation follows.

The medical histories of over 11,000 people, altve and dead, were
reviewed. There were 4,800 people at the Embassy between 1953 and
1976: 1,800 employees and 3,000 depender.:..i. The comparison irouP
consisted of 7,500 people; 1,500 employees from 9 posts in Eastern
Europe and 5,000 dependents.

ObvtOlllly, the most Important health effect in a population Is re­
ducecllqevity or early death. There were 194 deaths recorded in
the stllCUed population; 151 males and 41 females.

Since data was incomplete, the 194 fipre excludes 13 male deaths

from the statistics. At least 47 of the 194 deaths occurred between 1953

and 1976. This means that 147 people died durin& the study period (1976

to 1978). The insult (Injury) that caused the result (death) may have

transpired durll1l NUTS-I when high energy was beamed from two

SOW"Ce&

The number of deaths in the male population (excluding the 13) is 50
percent of the expected mortality of. the United States. No dif­
ferences were observed between the Moscow and comparison group.
There is no satisfactory explanation for the 42 female deaths; 80
percent of the United States population.

The morbidity in the Moscow and comparison group was nearly equal.
Many health problems were observed; some were serious. Only two

..
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differences were conspicuous in the two groups: (I) the Moscow male
employees had a threefold higher risk of acquiring protozoal in­
fections, and (2) men and women in the Moscow group had slightly
higher incidents of the most common health conditions reported.
(According to Alexander (1965), item 2 is a telltale sign that the
experimentals were poisoned by radiation.)

The health conditions of DOS personnel cannot be related to mIcro­
wave exposure. No consistent pattern of increased morbidity is
evident in the group exposed to other than background (natural)
microwave radiation. (indIviduals exposed to less than 0.1 microwatt
were classified among the unexposed. Therefore ailments in this
group, attributed to background. may have occurred during MUTS-2.)

Men and women in the Moscow group reported more visual problems
than the comparison group. Most were due to correctable refractive
errors. The men had more psoriasis; the women more anemia.
(Women naturally have a lower blood volume than men.) Men re­
ported a hilh incidence of depression, irritability. and memory loss.
(Alexander stated that depression, and other mental perturbance,
indicates that radiation has affected cranial organs.)

In view of the published articles 'that the health of Embassy per­
sonnel wu in danaer,' it is not surpristna that the Moscow &rOUP had
a hiaher rate of morbidity than the comparison posta. (What about
the dead aDd extremely 111 people; bow were they Influenced by
media reportl?) No relatlOlllhlp wu found between the occurrence
ot hultb I)'IIIptolDl and microwave exposure.

The IS:blldren ltudied experienced many health problems. The mal- ~
adtea were similar in the Moscow and comparison aroupa. There was
one notable difference, mumps occurred twice as often in Moscow
than In the comparison II'OUP. (Radiation stimulates the glands which
shrlnt, Iwell, or become infected.)

Conclusion. No convlncinc evidence was discovered that would di­
rectly implicate the low levels of microwave radiation, beamed at
the Americm Embuly in Moscow, as the cause of any adverse
health effectl, U of the time of this analysts.

RecommlDdations. The results of this study could be Interpreted
that microwave radiation at the Moscow Embassy did not produce
any deleterious health effects. It should be made clear that
generalizations must be made with caution. The group with the
hlJhest exposure should be analyzed at Intervals of 2- to 3-year
periods. A surveillance system for deaths and malignancies should
also be established.

Table 4-1 lists some of the symptoms and diseases recorded. The

population 00, which equals 879 DOS and 1,303 comparison, had similar

maladies because the body can get sick in only so many ways. Lilienfeld

noted that the incidence of eye problems, anemia. and ulcers approached
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statistical significance in DOS personnel. Although not shown, male mor­
bidity was usually between 25 to 65 percent bieber than female. Taking
into account that radiation always aggravates existing dtsorden, the data
compiled for "diseases or conditions ever present" is used in this list!nl.

Since data was lacking, Lilienfeld's team did not correlate the
maladies with the three illumination phases. This information, and the
location of DOS personnel within the Embas~ in relation to the
microwave transmitter, is imperative to perform' a thorough study.

Location and period of irradiation would partly explain the variability of

personnel maladies, and the death ·rate which probably climaxed during

MOTS-I.

Between the late 1960s and early 1970s workers in various eco­

systems worldwide used VDTs; a television receiver attached to a

keyboard. For instance in the United 'States (1976), court reporters

worked with a Beehive terminal (CPU) wedded to a black and white

television set. Some worken complained that their ''head and face felt

numb." DO~ and comparison group personnel may have been ustns similar

contlprattons.
LUienfe1cl's statistics ('"lable 4-2) sugest that health problems at the

Embaay were no worse tb-:.n maladies of the comparison group. He W8I

alarmed by the mumps outbreak and other morbidity in children, who
presumably did not use computers. The team did not qualify Its in­
formation. How old were the people afflicted with mumps; below or
above age 9? What caused the birth defects and problem prepancl_

occurrinl at the Embassy after the employees' first tour of duty! The
birth defects in offspring of controls and experimentals were ·almOit

equal; why? Fatigue, mental confusion, anxiety, and most dlIorders

reported to LiUenfeld were observed by NIOSH in the San Francilco
survey, and by NASA in the astronauts. The common element to which

they were exposed was radiation.
The DOS facility and biolopcal studies, like most, are inconclusive.

The APL investigation concentrated on microwave measurements. There
is no indication that either team analyzed other exposure (el, VDT) DOS

personnel may have had. If people, especially those in the southeast

comer (rooms 901 and 1001). were using VOTs visual and other disorders

would have been severe durinl any phase of irradiation. VDT users in the

comparison group would have had similar problems.
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A group of experts from the Electromagnetic Radiation Management
Advisory Council (ERMAC) assessed the radiation bombarding the Mos­

cow Embassy, and the biological trauma reported by DOS personnel.
Their consensus was the same as that of the APL and Lilienfeld teams.

ERMAC Analysl.

In 1980 the ERMAC met to assess the biolOgical implications of the
microwave environment in Moscow. Members of the group included ex­
perts from universities. hospitals, and private companies. The consultants

were employed by General Electric. the University of Washington. the
Virginia Commonwealth University. NTIA. APL, George Washington

University. the University of California. Bell Laboratories. Gerry L

Pettis Memorial Veterans Hospital, Argonne National Laboratories, and

the universities of Miami and Tulsa; one consultant was an independent
engineer. The ERMAC experts concluded:

The moclela used far the analysla of bIoloaical hazards are over­
stated. Other electromaptic radlatioQ II more Intense W'~l that
implnalns on the Embassy. There Is DO sclentific evidence, or
theoretical grounds, to lugest that blolollcal disorders reported by
Embassy personnel were due to microwave irradiation.

And 10 the effects of microwave radiation In Moscow ended on the
same note u VDT studies: There is no evidence that low level nonionizin&
radlation causes tissue damage; biological perturbance is due to chance.

It appears that neither the APL, Lillenfeld, nor ERMAC endeavored to

find a common factor. So it is in the VDT environment, and investigations

of alleged injury from the emissions of high voltage power lines.

BIOLOGICAL INTERFERENCE

The potential of the blosystem chanies when organisms absorb excessive

natural or artificial electricity. Galvani and other scientists discovered

that electric current causes friction as it travels through tissues and

associated chemicals. Spasms in the nerves and muscles, and chemical

change are the visible reactions to energy absorption. An elevated bio­
logical charge is the invisible effect. However It is perceptually apparent
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in that individuals or organisms gain weight, become hyperactive, and

dart about Uke ignited firecrackers.
Charged tissues vibrate at high frequencies. Ions rushing throu&h

them to ground create a sort of "Ionic wind" (conduction current). The

added energy causes chin inside and outside the body. VDT users ex­

perience these sensations which were observed in other organisms.

Workers use heaters to ward off chill. Heat causes fast chemical

reactions that exacerbate their perturbance. Bridges and Preache ana­

lyzed data that showed change in organisms exposed to electromagnetic

radiation.

Power Line Radiation

In 1979 Jack E Bridges and Maurllne Preache reviewed literature on the

biological effects of electric fields from high voltage power lines; ex­

ceJPts follow.

Electric fields Induce the same current ill the body .. bouIebo1cl ap­
pllancea. Therefore the electric field of power IIJ1eI II oo1y a sublet
of the usual SO aDd 60 Hzdlectromaanetlc environment of indus-
trialized communities. .

DependfnJ on the distance it must travel and other facton, a power

line carries 10,000 to over 500,000 volts. Its eDerIY II stepped down to
110 or 220 volts. which vibrates at a frequency of SO or 60 Hz. II 120

volts can electrocute humans. 10.000 volts dfsstpatin& from power ltnel

must have lOme blolOlical effect.

Most investigators used fish and other orpntsms u test subjects.
The reactions of anlmals cannot be compared to those of humans.
For that reason. it is not yet understood bow electric and mapetfc
fields induce currents and electrical potentials in bum... and an­
Imala. (£nerlY flows in humans as it does In any electrical and
electronic circuit.)

The eleetromaptlc fields of power lines produce small arc dis­
char&es, air ions. low level acouattCl, and radio nolle. These
phenomena are confined to the immediate area within 100 feet of
power Unel. The electromagnetic fields cbarae the skin, causinl
electric current to now within humans. and tbroUJb the body to
groWld.
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3. US Embassy (Moscow)
Hazard at: Ip.W1c:riJ2
Result: Illriess and death
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ASSESSMENT OF HEALTH HAZARD AND STANDARD PROMULGATION IN CHINA

Chiang Huai

Microwave Institute
Chekiang Medical College
Hangchov, China

In general, radiofrequency and microwave radiation at suffi­
cient levels o~ intensity and duration ot exposure could cause
harIIlt'ul ettects on a living organislll, but the bioeffects and their
mechanisll are not yet well known. There are~ uncertainties
and ditterences ot opinioDs, so that the s~e exposure l1m1ts
proposed in various coun'trie. di~ter trca each other sreatl,y t aDd
there are two ditterent 'type. ot sate exposure standards to con­
sider dePending on the population to be protected. There 18 an
occupational standard w'b1ch 18 used to protect persona working
in the BJ' or MW en'T1ronaent t and an en"rirotlllental s"tandard "to
protect the seneral public. The sate exposure level ot the latter
is often as low as one tenth ot the ~onur t because the general
population includes children, prelllaDt WOllen t aDd individual. vith
various diseases. Both ot these exposure standards ditter~
the em1sl1on or pertormance standards which restrict the emission
ot radiation 1'r0lll devices t such as the emission standards tor
microwave ovens in the United State. aDd Canada. AD exposure
standar4 re~ers to the JII&X1JIuIl pe1'lll188ible exposure level to the
bo~ t which mua"t be based uinl7 on realistic assesSJIeJlt ot health
hazard, and 'which is to be discussed here.

Settins ot the standards 18 not a s1mple task. It is neces­
sary to establish a quaDtitative relationship between power
densities ot incident radiation and all biolosical ettects tor
hUIIII.D beings. Quantification of the biological response to
microwaves is a complex problem because of the vide range ot the
1'requency spectrum. There are a large number ot physical and
biological variables and complex interrelationships IUIIOI18 these
variables. Most of the scientitic data hAs been obtained trOll
experiments on small anilllals or simpler orgwlIlI t and extr&p-
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A nt ot H.alth Status of Rr and MY Work.rs

ft. firat topia 18 qUDtUat10n ot huaan exposure. In viev of
the llok of panoul do.taetera, the quutit.Uon of apoeure durinl
work i. estrea.l7 difficult, particularly where tbe per.onnel move
.rcUDd ill the couree of their duties and are expo.ed to movins beams
or ant.nne of radar.. Additionally, it i. taposa1ble to evaluate
the apoauN over a period Ot .everal years. So on the basis ot
IUUll781a of vorkins con41tion., autbors usually roUShly 4ivide the
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Boa. ca... ot acut. re.otion to aicrovave overexpo.ure hav. 'been
.DOO1lllt.NCt [lJ. Th. lQ"Zldrc.e ..... to couist maiDly at subj.oti...
cc.»J,aillt. ot hAcl.ahe., nau•• , .,.rt1&o, ana lle.p1•••D••••
Ob3eotlY.17, JJnel'talli., chaDce. 1D cardi.c rhTtha, and ••kiD ralh
..,. be _C01lllt.re4. BIG aaaiDatiaD ..,. ahov • decre... iD .
..pl1tud. at alpha wav... In.ll c.... the IJ'Ilptoaa v.re tran.:I t:4t
aD4 41..ppe.l'ed ccapl.tely att.r • f.v d.~ of .ed.UOD aDd re.t.
III one a..., noted b7 the pre••nt .uthor, the patient wu IZt~.ly

IZoUe4, h1,bl7 =110••47 1D bo4y taperature a4 h••rt rat., and
ev1d'Dce4 rev.l'81b1. i.palm.Dt of visual .cuit" and .,entricul.r
bloak. !h. BJIIJtoa. la.t84 .e.,eral ...ke, .en IIODtha. In I.n.ril,
the pov.r d.uit" of aial'Opv. ezposure c.u.l~ acute 1'8.ctiOl1 auat
be .bo.,••t 1•••10 ~ aV/CII. '!'here i. DO doubt that the aUUlla
perai.aible expo.ure l..,el .boulel be t.r below that lev.l.

In MUiDe • .ta4.rd, on. of the 80.10 laportat couid.ratian.
baa to be chl'01l1c exposure. As the ••••••_10 of the rel.tionship
between _ponr. In.l. aDd the h••l th .t.tue of per.ou.l
prof...ionaU, _posact to U and JlV 18 41tficult, 1•• IrouPS auat
be ob.erved in ord.r to obt.in epidaiolollcal d.t. with .tati.tical
eilJl1fio.llce. IID7 contributioDl in thie field have be•••4. by
Soviet .uthors. Papan ba.,. alao been pubUshe4 by authore trOll
C.echo.10V'ak1a, Poland, USA, Sweden and ao forth. In reO.Dt 7.ara,
eo•• invnU,.tiou bav. be.n carriacl out 11l China. A 1.1'1. part of
th... t1nc1illl. cODcern1J:IC health hazard will 'be dlacu••ed here
.1ointly.

olatinc laborator,y r••ult. to man i. not a clearly defined proc••••
Addition.lly, there 1. a larle amount at uncorroborated and
controverlial evidence of various biololical effecta. In these
C.I•• , the aa••I••nt of h.al th hazard for "Standard" prolllul,ation
.bould relya81nly on the h.alth .tatue of per.onnel p~otee.ional17

apoled to U aDd XV, althoush the lnt01'llaUon available in thie
field 11 1i.ited. In various radiation conditions of human
ezpo.ure, eince it ie iapossible to make quant1tation precisely and
distinction betv••n various radiation conditions .trictly, the
r.aulta of experim.nta vith animals on bioettect. of RJ' and XV
ahould be supplement.d to the human expoeur. data.

...
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"noan.l ex_lned into tvo or three groups named hleb, (middle),
_ lov power dena1t,. croup.. In tact, the exposure le~els

,1I8ra111 l'anse trom some tens to aeveral hundred uV/cm ~or
prote.slonal microwave workera. ~e or two hundred uvlCIIl .a the
a..rcaUOIl line between hiSh and 1011' pover denaitie. baa been
lIIopt.4 bl eoae researchera. 01111' in a 2ev vorldnc p~ace. do the
.1crowave exposun levels exceed 1 mVI cm or 10 mVICll •

!be princip.l part of the clinical findings trOD ob.erved
alcroftve worken i. 81a11ar in different countries. s,aptOJU of
~ctional di.turb.nce in the centr.l and veset.tiv. nervous a781:eD.
1ft the main ••ntfe.t.tion. The.e will be deacribed in the
following with the reault. of inve.tiSationa in China beina compared
nt1l those in other countries. The illYe.tisetion [2] on which the
-Cb1D... !entative Stand.rel" 18 ...11111' based fta conducted in 11
tieton.. aD4 1081:1tut... The microweve workers ob.er'l8d had vorked
nth alorowave aquilla_t (aoat of thea vere PV in ClII nuse) more
tJaa one 1'.1', aD4 • larse part of thea had 5 - 15 lear. of vorklns
tlJltr1noe. IYe170ne in the atud1' had been in an orelill&l'1 work
Htti... for the la.t three months. !here vere 841 vorken siven
elincal obaerv.tion, with 471 peraona obaerved u a control sroup,
their a. an4 ... d1atnbutlon aillUar to that ot the aicrowave
'IOrara. The mlcrowave workers vere divided into two sroup. in
tt1'U of poyer d..nalt)' exPOled. The firlt sroUJ. "06 workera, "aa
Ilpol84 to a hieher powr dealt1' of )200 uJlca and the aecond.
croup of 5'35 Yorke1'll, to a lover <200 uwlca. There w•• no
lipiticant ditference in ..ea and worJdns experience of thele two
croups (P<O.05).

1. Itfecta on tha lIervoua 87-t-

'1'he result. contil'll the previoua tindine. of So.,iet authora 011

the OCCurrence of 8Ub~ect1ve ooaplainta (Table 1). Another fincl1q
121 the aicro_ve vorkera .. the parti.l loa. of hair. The aolt
,roIDUDCed a,.ptcaa were headache, t.tisu, d1aturbance ot sleep
(!Q0JIDi. or 8OIlDOlence) ena decrea.e in ••01'7. lJ.Ihe penona who
ccapla1ne4 ot IDJ' of the thrN .JIIlptcu ••ntioned above y.re defined
.. -neuruthenia- and the incidence ot neur..th.ni. la shown in
table 2. It ls ladlcated. that there v.re alplficant difterence.
between &'D7 two sroupa.

1 part of the observed peraona (106 1n all) vert exalned for
IIQ. 'lb. aicrov.ve vorken' DC revea1ea an incr•••• in theta and
delta wav•• , but there vert no aipitlcant ditferenc.s in
Itatl8t1ol.

Sl.Uar cOllpla1nt. and inciaenc.a of neurasthenia S1Ilpt01l. vere
ob.erved in RJ workere in China. and the pleo.. wh.re the7 worked
vlre at the field atrencth. of aeveral hundred V/_.

,,
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TABLE 2: Incidence ot Neurasthenia Sroton

Group Incidence (%) Group. tor X2 p

631

1
2, '224.1

11

among all
high to lower
lower to control

<0.001
<0.02
<0.001

!AIL! ,. pPe!!c Altlr.t10n ot BP 1n XV Workers

C'I
Croup Ob.erfe4 '.rotal IP (- Ha)

C\I 10. Tt-e 90-95 100 105-1" 140-145 150-160-
initial e 9 0 0 0

1 atter ,- 17 , 6 2 , ,
V'\ 6 le.ra....

initial 0 0 17 0 0
2 atter ,- 17 0 0 5 6 6

~ - 6 llara

initial. 0 0 0 a 1.,
after ,- 9 0 0 0 1 a
6 leal'S.,

, I The lIicrowave exposure efteota OD BeG ahoved chuBe. in cardiac
i rIte, alnor 40vrnrard 4i.p1ao.ent ot the s-! ....11110, 10we1'1211 ot '1'J
I detl.ctlon, and slight 4eviationa trca nOnDal In excitability an4, ID
I :;:) CODduction of cardiac-electric activity (Tabl. 4).

. ...

1

I
I

2. Eftects on the Cardiovascular Slate.

!be microwav. workers who complained chiefll or palpitation and
]l&iDII aroUD4 the cardiac region w.re in the hleh pow.r denaitl
810ro.,.. radiation sroup; the 1ncideno•• "ere nell Aiah.r than for
the oontrol group (p<O.OOl). !he ino14.no.. ot hnoton1a «100 ..
It&) ..re hiah.l' in th. microwave grou,. (hi.h an4 10".1' 4.Dittl
pup 1n 25.5~ and 22.6~ r.epeotivell) than in the control IrouP
(15.~). levieviae the report. [,,4,5] pabUahe4 bl Soviet .uthors,
... 00814 nnd that the incidence ot hno1oon1a in II an4 1lV voru1'8
IlOl1017 11 2o-4OS, &114 in the .,e1; recent ten 1II.1'8, th. incidence ot
1qpel"tOn1. 1. biab.r thlll bJ'poton1a. It baa b•••ag••ted that
1Qlertonia incre.... vi tb work:1q "', &Il4 occur. 111 advanced .t....
of the 418..... Glotova obaen" tbe dlD81c .lteration ot blood
preaaur. ot .lorovav. w1'a1'8. She d1Yidecl· tb. ob••ned persona
iaw three 11'OuJlll acoo1'4il1l to th.ir 1Dltial preenre. '!hey .11
WIre near thlrtl 18a1'. ot ....
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TABLE 4: Chan,.a in BCG (Incid.nc. %)

C. HUAI
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'rable ,

Group Deep Bra- Tach)'- ST-T low.r P QRS High potential
10. dycardia cardia at left

ventri-
50/lIIin lOO/ain lIlal. remale 0.18 0.1. cle (a.le)

1 1.6' 6.54 11.8 '4.29 6.86 10.78 11.92
2 '.9' .,. '6 11.2 14.61 7.85 11.59 12.89., 0.42 4.25 5.6 18.C11 3.18 4.03 8.95

In order to obsene the microwave expoaure ertech on vascular
functional state, rh.oencepalo,raa, meo,raa ot tiDl.r heaod,naalca
and oculi tuDSus were exained. There vere no significant rindiDl.
in the reault••

!be data aentioned above ahov that .icrowave .ction ..s
characterised bT autonaal0 v••cul.r SJaptoaa or • vasotonic
oharact.r, expr•••ed eapectal1;, in I.J7potoni. and bradTC.rcUa.
Saelcbikova aD4 aa;r SoYiet .uthora [4,5,6] .tat. that the ••thenic
IIJDclroa. in the initid .t.... includecl ubl;, • ca.plex ot uth.nic
s7llptc.e d(lliDate4 bT .utoncaic v.acular challC.S vi th a vasotonic
tedeDc;,. III the advancecl •.t .... ot th. eli••••• , the
a.thmo-autonCDic 81DdrClle vi th vaacular elTStunCtiOD ot th.·
hJpertonic tJpe ..a mo.t trequ.nt. At a c.rtain at.,e ot
4..,.lopaent ot autonaaic vaacular diaturbancea, the h;rpothalal0
arnclroa. (autonoaic vacul.r tora) appearecl anel ... charact.rised b7
auclclen cri••, predCllinantl;r of • aJllpathif:,'o-.elreDal character.· In
oar iIlv.U••tioD8, the autona.ic vaacular QW.ptCllla ot moat persona
..intained • vasotonic charaoter, while th.;, vere ob.enee! over.
period ot tiv. TN". IothiDi ot nch sev.rit;, •• to be d••cribed
.. b7P0thal_ic 81Dclroa. va tound. It .e•• that the Dature anel
aenaltivitT ot cardiov••cular re.ctioDB to proloDled exposure
elepead, to a l.r.. extent, on the individual char.cteristics.
JUrth.r .tuel7 CD clinic.l manit••tatioD8 and ita mechanis. could be
valuable, .. a(ll. eloctors in our countr:r are DO'II intere.tea in u.illl
microwave in tre.tment tor ~rtena1on.

The h1PotoDia &D4 bradycardia v.re alao ob.erved in U vorker.
in China, but the incid.nce vas not eo high as that in microwave
vorkers.

,. Eftects OIl peripheral blood

10 ch.racteri.tic change. in peripheral blood picture yere
toUDl, olll;, a .Usbt leukopenia anel throaboc;rtopenia occurr1q in
the tirst group •• comparea to the other. (p<O.OOl).

i
i
\
1

Group
No.

1
2.,

DiveraUie
sen.ral, sUIl
yorurs YOl'1d.a
leutoc;rto.ia ,
e%poaul'.. Ab
yorkers.

4. Eftect. a

s.yeral.
microwav. wen
a atatial"icL
pr.ouel C)OI

11\1"."'11'8"
of tbe aune
lentioular a
perao.did
aubsroupa·
aioro~Ye ft
.v/eD. Qr
0.01 aV/Oli .
dJO.ecl to 1
jU'uul" •
uaiDl • ali
vU ......

St.til
varioa II
~ and C.
dellonatra'
belicatel
ted to &-



Groop Le~oc7te (%) 'l!hrollbocyte (%)
'0. <5,000/.. >9.000/mmJ <100,000

1 29.41 1.96 26.'19
2 18.69 8.6 14.02, 21.2' 7.2 17.2

D1V81'1ifiec1 VBC r ••ponses are found in aanf report.. In
IU.ral, s11,ht or a04.rate l.ukopenia mal be found in alcrowave
workers wr1d.q .t hlah power 4.uitie.. In a IlUIIlber of ca.e.
l~rto.i. va. encountered in the initlal period of prot•••lonal
espoaur.. Ab.olute l3apbocyto.le a81 alao be found in Il1crowave
worken.
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Table 5 Iucidence of Leukopenia and ThroabocltoEenia
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4. Btiecta 011 e,..
Several ep14..1010,10a1 ~rve78 01' lenticular effect. of

lI1aroRn vork.N haY. been parfomed. lone 01' the .u",e,.. reported
• at.tilt:1callf aipitloant !Dor.... 1J1 the ~ber ot cataract. in
penomwl occupatioDa31,. ezpo.e4 to .10ro...... radiation. !he
nn.,. _1'" 1110.1;1,. coDoeme4 vith ainor lenUoular d.t.ot.. Soa.
of tu IU1"'Ie,.. 1D410ate4 a staUsticall,. s1p1f1cut 11101"8ase in
leaUcular 4.f.ot. in aiol'OYav. 'lOran. ~eo1d (7] aa1ned '.000
pel'8OU 4i...14. eqU81l7 into three 11"Ou", Group '" c~pr1.ed tvo
nbpoupa. "'" contained 542 1ndividual. apoaed d1r.ctp- to
.1al'O~' ncltaUoa at poy.r deulV ot about 0.1 aV/ca up to 6
aV/ca. G~up A... oa-pr1aed 458 iDdlYlduala ezpo.ea to III at about
0.01 aV/ea. Olfup B coapnsed 1,000 .......tobe4 1u1T14uala not
_pos. to a1oZ'Oftve, 1Ibil. Group C 1IU ad. up of cb11dr.n and
jUYeJl1le. a••4 5 to 17 ,.ean. 'l'be aaainat101l ot the 1•• Y.. aad.
-be a .lit leap att.r dilatation of the pupil. Lena traulucenc1
YaI ......ed ua1nc a 5-erade .cale.

10 Wo l.na chaDcea
2° ".roue aaall, lIutU.bape4 opacitie., 1Ihioh 11&1 be co~te4
,0 Bla.roua ...11, auttiabaped opec1Ue., which are dU't1cul t

to count
40 As above t but vith a ted.no,. to incr.... in Daber or siroe

on suco••a1ve exaa1nationa
SO .AD.1 chance impairiq viaual acui t1

Statiatical17 silDit10ant 4itter.nc.. in the frequenc1 of
var10Ul cradea ot 1.118 tranaluo.nc,. ez1at betw.en Group A au4 Groupe
Band C. Kenoy.r the OClipari.on babeen Al and A alao
dea011ltrate. aipiticant d1ff.reDc•• ('fable 6). !I. author
1D41cated that lonl-tem overexposure to lov do••• ot 111c1"O"''''. ma,.
teDd to accel.rate the DOmal aaina proc... of the lena.
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Group 110.

Tabl.e 7 IDc14eDee. of leu cbaDle. (~)

'f.qroth aD4 Aure11 [a] reported an iDcna.eel nUlllbt1" of retinal
1••ioD In 68 voran 1Jl a Sncl1.h facto17 where .10ro.Te equipmet
... t ••tea. Ifh. rat1D&l 1••lona vere ch.raoteris.d b7 their
res.blance to chorior.tin.l lO.n atter 1nfl...toZ7 l"8acUona. 110
aata OR the ll1t..1V of the ra4:l.tton v.re p1'OV'14ed, but the .
autbo~. couia.red that the aa1a_ perai••"bl. expo.ur. of 10
aV/ca is too hip. 'lb. prob1_ .beuU be further im.sticated.

5. Reproduction and GeD.tiC Itf.cta

Ilierowave radi.tion CID traduce st.rill ty iu huaau when the
lnoU.nt power dena11:l i. hilb enouch. In rec.Dt Jlar., aicrovav.
b.. b•• utcl for birth control iu SCDe ho.pital. in our countr7.
In 8011. worDra occupatioua117 exposed to U' or XV, the
.peaatos.ne.is or .euatrual patt.rn v•• altered, and ..,en i.pot.DC.
occurred. Illt the total numb.r of ca..e ar. too fev to conclude a
caule/eff.ct ~.lation.h1p.

BJ aud IlW radiation are t.ratos.llic to ezperia.ntal ani.al.
epoeed at specific tiau dur1aa le.tatioll, but th.re is DO ..,14ellc.
of such ill huaau. The 118. of .icro_ve b••t111a a. diatb.1'II7 to
reliev. tb. pain of uterine contractioDa durina labor val reported
fre. llelC1um. It vae .aia that the babl•• ".re born he.lth1.
lIeverth.l... , etrae caution must 'be .x.rcieed. It. te. cae•• of
multiple inborn defects In the otfspring of women irradiated

'tabl. I) ·Percenta,e incid.nc. in varloul leD. tran.luc.ncy ,rade.

tena 'rranc1uceucy Group It. Group B Group C
Grade A- i A

f
+A21 d.o 3£0, 2 .7 29.7 68.8

2 62.0 52.6 57.7 50.' 26·9, 19.7 12.2 16.2 16.6 '.6
4 4.8 '.5 4.1 2.6 0.'
5 0.5 0.' o.a 0.4

In our tnve.tisation, the lenticular tranapar.ne7 va. ezaminea
1n 227. aicrowave yorkers aDC1 117 ,, Itched pereou .. control. No
.ilDifioant dlff.renc•• in iDcid.Dce of l.na opacities ver. found.
fte lncU.nce of lena vacuole in the fi rat IrouP wa. hicher than
that in the control group (p<O.025). A r.v c.... of cataract. or
r.tina b_orrhq. pointe ••re found 1n the microwave vorken.
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Group C
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~t41.tel,. before or durins the earl,. etage. ot presnano,. with
thOnvave d1lthel'll1 have been reported br Cocoona Erdman et al.

Siglor et al R8•••t that &oqo11_ occurs aore trequ.ntl7 ..oq
.. ottapriDl of tath.1'8 profe••ioull7 apo.e4 to microwave••
10""'1', an intenaiv. tollow-up ,tud,. taUed to conflra the
aPOclat101l. In ,eneral, there a••_ to b. DO hal8ri UDder ord1n&1'7
JIC'Of...:lonal expoaure coneSltioD.

h the United Stahe, a studT (9] ot Am.rican .baaa,. ptnozmel
ilioicov va reported. The plrpo•• of the .tudT ".. to cCIlpare the
IOrbiJit,. ad aol'tal1t7 experi.nce of U.S. Qovermaent _plo,.•• at
• Io.co" .b••.,. eluriUC the period 195' to 1916 nth the
1I,.r1ace ot .•p10,.... who bael .erveel in oth.r ••lecbd,
.-1rn41.teet lut.m BQl'Opea ._bauie. cluriq the .... per1ocl.
!II••weS7 population conellteet ot 1827 .p10,..•••t the lIo.cov
.buQ' aDd. over 3000 ot their depen4ent. aneS 2561 ..pl07••' at the
el.M ccaparl.on po.t. and 5000 ot their depen4.llta. OoIlpar.tive
ual,.... "ere ••eSe ot aU s,.pte-a, ooll41tl0DB, d:1l•••• , an4 caues
of death accor.Siq to the .b.tract ot the medlcal reooria, re.pons.
~tbt Health m.to1'1 Qu••t1oDDalre, U •••••• reported 011 the
QPdloDDaire, Ul4 acquisltiOIl ot death oertiticat... Be
tiltterenUal health nata ..8OO1lt14 with pre••_ ezpo.ure to
nero".•• radiation were 4..outrated. 'Dl. uxla. exposure 1.T.l•
• "nl'eel at 21' n••r the ~n40". ot the uJP8r c.lltral bull411l8 "118.d
troa 1 uV/etA to 15 uV/ca. mother .tu47 [9] va. reported ot •
thNt ,.ear lw••ttaati01l that ".. aian .t the 4eteriaiDation of
blalth ri.t. troa _loro"..,1 radi.tioll ot U.B. laval peNone. A
JlOJIIll.UOIl of .PProna.tell 40,000 (half cOJUltitutn the expos.d
sroup, ad halt the control croup) WN G ..lnn tor aort.l1V,
.orlt14it;r, reprocluotiv. pertol'lWlOe u4 health ot child1'8ll. lJ.'he
data cll4 DOt abo" 8D7 clltterenoea betwe.1l the two lI'Oupe. It 41d
DOt ...ip the GponN 4oe. to 8D7 lD41y14ual. til thla atud7.
Sca, ot the ~b••"e4 peraona _1'8 GJlO.- to .icro..... 111 Gce.. of
the 10 .V/ C1I llalt~ Accidental GponN YU at e.tlll.tea 1.....1.
etceedlD& 100 mV/CJ&. W10ilen and ~dar operato1'8 were sen.r.117
apeeeel to l..,el. "eU belo" 1 .VIca •

It IIq 'be auaaanseet that there .re areat 41fterence. in the
~~!!'04., oontents aD4 1'18\111:8 ot iw••US.t.ioD8 tor evaluatina the
--...th .ari of .toro..... ra41atioll between difterent countri•• ,
c.'Il8tQl ,reat controv.r.r. Mdttiona1l7, the health ba••reS 111
alero"..e usual17 ie DOt 80 • .rioue and eo oertaill u that ill an7
other diaeaa.. 11a8roua que.tiona cOllcemiDl the clinical course
: patho,.n.a18 ot certain 1.doD caueed bY' D' and 101 rad1ation

.e not been c1••r17 elucidateet up tl11 DOV, and the aJ1lptoaa
1IIu.117 are rev8raible, but the exi.tence ot health baarioua
ettecta ot U aD4 D cu not 'be deni.a. An im••tiSIlUon [6] ot the
patl.nt. eatt.riDS fro. .tcro".v. .1ckne.. reported b1 Sad.ch1kova
1Uuatrate. this. It shoved that, d.spite repeated therapeutic
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,
ft1. i.pU.. that tho.. IJ11ldrc:ae. are Dot .all7 to r.conr. e4

1t i. uportant to 10nr apo.un 1ne1 Ul4 iepro". wort CODd1tloDl
for protection trca ba••rdoaa radiation.

1. l&4iat10n intenait,.

It -taht be coDlidere4 that aecordiDl to epid.-tololieal data
traa _po.Uft to eierova". eners,., 10q-te1'll Gpo.UN at .....ral
eV/CIlI2 a17 induce alteration not od,. in n.rvous ed cardio"a.eular
.,..teo, but in the nomal aSina procell ot the lel1l and peripher.1

Iadiat10n condition. rel.ted to health hazard
and .tandara proaulsatioD in China

In orier to .et • reasonable sate"" .tandard of II' and, JlV
raUaUClR. conclltioDII r.lated to health ba.ar4 ehou14 be rwieved.
BeY.ra1 aposur••tandards [10,11.12,13,14] in 41tterent countri••
are r.portecl.
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la att.r ce••ation ot ,zlJOnreAI m4er JIll apo.ur.

!able 8 CUnical cour.e of .ierowaye radiation durina and atter
!!))OIIU"

Clinical Period ot 110. of ol1nical' eours.
.7Ddraa•• oba,nation c•••• lecO¥'rr St.bili.atlon Prelre.sioa

Asthenic A 25 l' 11
B 5 , 2

Asthao- A 47 47
autonCllio with
vuoular B 16 15 1
d,..tunction

Jl7potha1..io A 2 2
Cautoncaio
vuoular fo1'll) I 6 5 1

'Iotal 100 , " 62

638

courses and teapor.Z7 vithdr.val troll vork vi th aicrovave eources t

upon returnins to preTioua york conditione '1Dptaa. increaeed in
• evert t,.. particul.r1,. 8IIoq patient. vi th advUlc.d .t..... ot the
41...... In such pati.nts lutonCllic vaacular dllturbanc.e
doainated. cri••• ot c.r.bral lIDd coronar'7 iuufticienc,. proar••sed
aDd developllllnt ot ischa.lc h.art d1l•••• and. h7P.rt.n.ion vaa
ob••ned. c.••aUon .of work involviq irradiation fr.quentl,.

. re.ulted in atabili••tion ot the init1al ,t.S' ot 111ne•• (!able a).


